Abstract. Natural superconvergence of the least-squares finite element method is surveyed for the one-and two-dimensional Poisson equation. For two-dimensional problems, both the families of Lagrange elements and Raviart-Thomas elements have been considered on uniform triangular and rectangular meshes. Numerical experiments reveal that many superconvergence properties of the standard Galerkin method are preserved by the least-squares finite element method.
Introduction
Superconvergence analysis and a posteriori error estimation for finite element methods (FEMs) have been studied for a wide range of problems. For elliptic boundary value problems, there exists abundant mathematical and engineering literature to this subject; see, e.g., monographs and surveys [1] , the authors studied error estimates of a least-squares mixed FEM for the one-dimensional self-adjoint equations. Derivative superconvergence at the Gaussian points and function value superconvergence at interelement nodes have been proved. In [38] , optimal and superapproximation error estimates in the maximum norm and function value superconvergence at the Lobatto points are established. Nevertheless, research and applications of superconvergence and a posteriori error estimation for LSFEMs have not been given adequate importance, though they have become standard practice to Galerkin finite element schemes for different types of differential equations (cf., e.g., [1] , [3] , [32], [50] ). Especially for the two-dimensional elements, there is no pointwise superconvergence result available in literature (cf. also [9] and [10] for any space dimension).
In this paper, our attention is focused on numerical study of natural superconvergence for triangular and rectangular least-squares elements for the Poisson equation. Here, by natural superconvergence, we refer to the pointwise superconvergence phenomena without using recovery or postprocessing techniques. We consider both the C 0 Lagrange elements and the Raviart-Thomas elements for the approximation spaces. Theoretical investigation of superconvergence and a posteriori error estimation for LSFEMs is an ongoing research project. This paper is organized as follows. In Section 2, the least-squares finite element formulation is introduced. Some optimal convergence results, and superconvergence results in the one-dimensional setting are reviewed. In Section 3, numerical investiga-
